This controlled laboratory study investigated the survival of Staphylococcus epidermidis (S. epidermidis) over a 24 hour period in four commonly drawn-up anaesthetic resuscitative drugs: suxamethonium, atropine, metaraminol and ephedrine. These drugs were prepared in typical therapeutic concentrations and then inoculated with S. epidermidis. Samples of the inoculated drug preparations were cultured on horse blood agar plates at 0, 2, 6, 12 and 24 hourly intervals and incubated for 24 hours.
It is common practice to draw up intravenous "emergency" or resuscitation drugs at the start of an anaesthetic list. These emergency drugs typically include suxamethonium, atropine, metaraminol and ephedrine. The drawn-up drugs are often left on top of the anaesthetic machine in the operating theatre so as to be readily available if needed. The time in which the drugs remain in theatre is variable.
The potential for microbial contamination of these drugs raises safety concerns for this practice. In the past, drugs such as suxamethonium and atropine were available as multi-dose vials containing antimicrobial preservatives. Suxamethonium 20 mg/ml containing preservatives has been shown in two laboratory studies to be bactericidal 1, 2 . Atropine 0.4 mg/ml containing preservatives has also been shown to be bactericidal 3 . One other study showed that atropine 0.4 mg/ml had a bactericidal effect within 15 minutes, but it was not clear whether the atropine used in this study contained preservatives 4 . Based on the evidence from these studies, it has been suggested that the practice of storing drawn-up atropine and suxamethonium for up to 24 hours is unlikely to pose a contamination risk 5 . However, suxamethonium and atropine now present as single use plastic ampoules containing no preservatives.
A detailed literature search has not identified any previous study that specifically addresses the effect on bacteria of these preservative-free preparations. Similarly, no previous studies have been found that have investigated the effect of metaraminol or ephedrine on bacteria. This study was designed to examine the growth of S. epidermidis in preparations of suxamethonium, atropine, metaraminol and ephedrine. S. epidermidis was chosen because it is one of the most common skin organisms, and skin contact with the drug preparations during the drawing-up process is the most likely contaminating event to occur. The aim was to determine the viability of S. epidermidis over a 24 hour period following its introduction into these drug preparations. diluted to therapeutic concentrations with normal saline. Table 1 outlines the composition of the drugs in this study and summarizes the volumes and concentrations of each diluted drug. To confirm the sterility of each drug preparation, 100 µl samples of each diluted drug were inoculated to Columbia Horse Blood agar (HBA) plates and spread over the entire surface of the plate. Plates were incubated for 24 hours at 35°C. A working solution of 10 6 cfu/ml of S. epidermidis ATCC 12228 was prepared in sterile normal saline. One set of diluted drug vials and 10 ml of normal saline were inoculated with 100 µl of this working solution. All preparations were left at room temperature (21-22°C) for the period of the study. 10 µl samples of the organism inoculated drug preparations and the saline suspension were cultured to HBA plates and spread over the entire plate surface. Samples were taken immediately after organism inoculation (0 hours) and then at 2, 6, 12 and 24 hours. Plates were incubated for 24 hours at 35°C. Colony counts were performed at the end of the incubation period. 10 µl samples of the un-inoculated drug preparations were similarly cultured and incubated.
MATERIALS AND METHODS

RESULTS
During and after 24 hours incubation, there was no growth on any of the diluted drug preparations that were tested for baseline sterility, or on the uninoculated drug preparations. Figure 1 displays the colony counts at each sampling time for each drug preparation and normal saline, which had been inoculated with the test organism. Suxamethonium, atropine and metaraminol all showed rapid decline in colony counts within the first six hours. There was a more gradual decline of colony counts over a 24 hour period with ephedrine. It is of interest to note that the decline of colony counts of the ephedrine preparation is almost identical to the decline of colony counts in the normal saline.
DISCUSSION
Many factors may affect the sterility of drugs after they have been drawn up. These include type of ampoule, technique of syringe preparation, presence of drug preservatives, intrinsic bactericidal property of the drug in question, pH of the pharmaceutical preparation, duration of storage of the drawn-up drug and environmental temperature.
Type of ampoule
Metaraminol and ephedrine present in glass ampoules. Both glass particle and bacterial contamination of the contents of the ampoule can occur when it is opened 6, 7 . A study that investigated this concluded that swabbing the neck of glass ampoules with alcohol swabs before opening reduced the incidence of bacterial contamination 7 investigating particulate contamination in plastic ampoules demonstrated a much lower level of contamination compared to that of glass ampoules 8 . Nevertheless, bacterial contamination of these plastic ampoules remains a possibility.
Technique of syringe preparation
In an investigation into the bacterial contamination of commonly used intravenous anaesthetic agents by Magee et al, it was found that coagulase negative staphylococci were isolated from some of the syringes prepared by trainee anaesthetists using their normal practice, without hand-washing 9 . In a survey of consultant anaesthetists in the North-West region of the United Kingdom, only 36.4% of respondents washed their hands in between cases 10 . Hand-washing reduces microbial load and is therefore an important part of infection control. The concentration of a typical contaminate inoculum is difficult to determine as it depends on how well aseptic technique was maintained during drug preparation. In this study, a 10 6 cfu/ml of S. epidermidis was used so that when a 100 µl sample was inoculated into the drugs studied, and a 10 µl sample cultured, there would be sufficient colonies isolated to enable a cfu count to be performed and monitored over time.
Presence of drug preservatives
Metaraminol is the only drug in this study that contains preservatives. Methyl and propyl hydroxybenzoate are both members of the paraben class. The parabens are preservatives that prevent the growth of fungi and yeasts, and have less activity against bacteria. Sodium bisulfite is an anti-oxidant. Sulphur dioxide is the active moiety, which is preferentially oxidized instead of the parent drug metaraminol. Preservatives are added to inhibit the growth of organisms that may have been introduced during the process of manufacturing 11 . It is important that the concentration level of preservatives remains optimal. However, as metaraminol is commonly diluted to a concentration of 0.5 or 1 mg/ml for bolus intravenous administration, the concentration of preservatives present is similarly diluted. Given this dilution to perhaps less than optimal levels, it can be argued that the preservatives present in metaraminol would have had a minimal contribution to the bactericidal effect of S. epidermidis in this study.
Intrinsic bactericidal property of the drugs in question
A review by Batai et al concluded that, with a few exceptions, the majority of anaesthetic agents have antibacterial properties 5 . However, propofol, which contains 10% intralipid, is the most notable example of those few anaesthetic agents that support bacterial growth. Propofol is a good growth medium for Escherichia coli and Candida albicans but is bacteriostatic for Staphylococcus aureus 12 . Sepsis has been documented following the administration of contaminated propofol during the induction of anaesthesia 13 . There have been no previous reports of sepsis following the administration of contaminated specimens of suxamethonium, atropine, ephedrine and metaraminol.
It should be noted that the osmotic effect of normal saline is inhibitory to the growth of bacteria 14 . In this study, normal saline was used in the dilution of atropine, metaraminol and ephedrine, and may be partly responsible for the decline in the colony counts of S. epidermidis over time.
pH
Many factors determine the appropriate final pH of a pharmaceutical preparation. Lowering of the pH enhances the antimicrobial activity of preservatives 11 . Most bacteria grow best within the narrow range of a pH 6.5 to 7.5. Very few bacteria grow at an acidic pH below about 4. A pH value lower than 2 is, in itself, a sufficient preservative 14, 15 . It is interesting to note that suxamethonium, atropine and metaraminol share a relatively low pH compared to that of ephedrine. This pH difference may partly explain the more rapid decline in the S. epidermidis colony counts in these agents.
Duration of storage
The commonly recommended maximum time for the storage of emergency drugs drawn up into syringes in the operating theatre is 24 hours 16 . In a study investigating the sterility of drawn-up anaesthetic and resuscitative drugs that were left in the obstetric operating room, no micro-organisms were found in the drug syringes after eight days of storage 17 .
Environmental temperature
Temperature may also affect the sterility of drawnup drugs. Suxamethonium is the only drug in this study normally stored in the refrigerator. Metaraminol, along with atropine and ephedrine, is usually stored at room temperature. Elevation of temperature has the effect of enhancing the activity of any preservatives present due to the acceleration of chemical reactions. This is of relevance to metaraminol, which is the only drug in the study to contain preservatives. Ordinary refrigeration (0°-7°C) has a bacteriostatic effect on most microbes because of a reduction in bacterial metabolic rate 14 , which has been the basis behind keeping drawn-up emergency drugs in the refrigerator. In this study, all the preparations were left at 21-22°C in the microbiology laboratory, which closely resembled the ambient operating theatre temperature of 20°C.
CONCLUSION
In this study, emergency drugs commonly used in anaesthesia-suxamethonium, atropine and metaraminol -have been shown to have an inhibitory effect on the colony counts of S. epidermidis. The effect was less apparent with ephedrine. It is concluded that the inhibitory effects of these agents do not support the growth of potential contaminants such as S. epidermidis when drawn up into syringes and left at room temperature for up to 24 hours.
